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In 1982, an updated occupational proportionate mortality ratio analysis of 429,926 male deaths in Washington State from suggested that workers in occupations with exposures to electric and magnetic fields had increased mortality due to leukemia (1, 2) . An amateur radio operator (Andrew R. Sabol, W2EVE, personal communication, 1982) suggested that it might be of interest to study mortality in members of the American Radio Relay League, a group of amateur radio operators who, in the pursuit of their hobby, are exposed to electromagnetic fields.monthly magazine. A proportionate mortality ratio analysis of 1,691 deaths of league members from Washington State and California during 1971-1983 revealed a ratio for deaths from leukemia of 191 (24 deaths observed, 12.6 expected; p < 0.01) (3). I could not obtain access to American Radio Relay League membership files, so it was not possible to do a standardized mortality ratio analysis of these deaths. Since all amateur radio operators in the US are federally licensed, I instead purchased the 1984 Federal Communications Commission Amateur Radio Station and/or Operator current license file from the National Technical Information Services.
MATERIALS AND METHODS
The Amateur Radio Operator file contains the following information for each licensee: name, call sign, birth date, effective date of current license, expiration date of current license, license class, mailing address, and station location (city and state). There were more than 400,000 records in the file. The effective and expiration dates of the current license were exactly five years apart, in accordance with the five-year license period at the time. Starting in 1984, the license period was extended to 10 years. No information was available on the date persons were first licensed or on the number of years licensed.
All amateurs with Washington State or California addresses, licensed between January 1, 1979 and June 16, 1984 (latest date on the file), were selected from the master file. Name (first, middle initial, and last) and date of birth (month, day, and year) were listed and used to search for deaths. A search for deaths by computer with manual backup was done in Washington State. In California, the CAMLIS system (a computer-based probability matching system) was used (4). In both states, all deaths were searched, but the study was limited to males because females made up such a small percentage of Federal Communications Commission registrants. Since the Federal Communications Commission file had no sex code, female names were eliminated manually. In all 67,829 names were searched for deaths in the two states. For a name to be included in the study, deaths and the commission file had to match exactly for date of birth and complete name. Causes of death were translated to International Classification of Diseases, Eighth Revision (ICD-8), codes and the standardized mortality ratio cohort mortality program of Monson (5) was run by state for males only. Person-years at risk started at the effective current registration day and ended at day of death or December 31,1984.
RESULTS
The 67,829 Washington State and California amateur radio licensees accumulated 232,499 person-years at risk and 2,485 deaths (2,083 in California and 402 in Washington) during the study period (January 1, 1979 to December 31, 1984). Table 1 shows standardized mortality ratios by cause for California and Washington State licensees. Since 84 per cent (2,083 of 2,485) of the deaths occurred in California licensees, California deaths are primarily responsible for the mortality pattern seen here. The all-cause mortality ratio is 71, mainly due to a circulatory diseases ratio of 70. The all-cancer mortality ratio is 89. The rubric cancer of the other lymphatic tissues had a significant (p < 0.05) mortality excess. No other cause of death groups had significant excess deaths, while many had large deficits (e.g., cancer of the pancreas, all circulatory diseases, all respiratory diseases, and all accidents). The patterns of mortality seen in the two states are quite similar.
An analysis of leukemia mortality by detailed cause (table 2) shows a slight, but nonsignificant increase in all leukemias and a significant increase in the acute myeloid leukemias (ICD-8 code 205.0). The increase for the rubric acute unspecified leukemia (ICD-8 code 207.0) may also reflect an excess of acute myeloid leukemia.
DISCUSSION
The standardized mortality ratios in table 1 are slightly underestimated, since females are virtually eliminated from the deaths, but not from the population at risk. Further underestimation results from the fact that California and Washington State death rates are slightly lower than the US rates used to calculate expected deaths (table 3). This will result in the standardized mortality ratios as calculated by Monson's program being slightly lower than those calculated using state death rates. The California deaths also exclude 39 out-of-state deaths in California residents. The allcause standardized mortality ratio of 71 is similar to that seen for Swedish academic cohorts (6) . Swedish mining engineers and architects had an all-cause ratio of 65 and 67, respectively.
The 43 deaths in the rubric cancer of The low standardized mortality ratios for malignant and nonmalignant respiratory diseases suggest that the members of the American Radio Relay League have a lower ratio of cigarette smoking than does the general US population.
The fact that the excess of leukemia is limited to the acute myeloid and acute unspecified cell types increases its biologic plausibility. Studies in the US (7) and the United Kingdom (8, 9) suggest a relative increase in acute myeloid leukemia in electrical workers.
Occupational information listed on the death certificates in Washington State showed that 31 per cent of Washington State amateurs (124 of 402) listed occupations with electromagnetic field exposures (radio operator, television repairman, electronics technician, etc.), while these occupations are listed on only three per cent of all male death certificates in the Washington state death file. Five of the 11 Washington State leukemia, lymphoma, and multiple myeloma death certificates listed an occupation with electrical exposure. Occupational information was not available for the California deaths.
In addition to electric and magnetic fields, these males are exposed to electric shock, soldering fumes, and degreasing agents in the pursuit of their hobby. Nearly one-third of the group also work in jobs with electric and magnetic field exposures.
In 1980, the American Radio Relay League surveyed 8,895 US and Canadian amateurs (a random sample of one in 44). Results published in 1981 (10) indicate that the average amateur was a 46-year-old male who was first licensed in 1963 and spent 6.1 hours a week on his hobby. A total of 72 per cent had some education beyond high school, and 43 per cent worked or had worked in a related field. Males accounted for 94 per cent of the amateurs. Some of the variation in mortality seen in Federal Communications Commission licensees may be related to social class.
There is some overlap between the Federal Communications Commission licensee population studied here and the American Radio Relay League deaths ascertained through listing in the League's journal. In the study of mortality in the American Radio Relay League, 1,691 deaths, including 24 leukemias, were ascertained in the years 1971-1983 (3) . In the present study, 2,485 deaths, including 36 cases of leukemia, were ascertained in the years 1979-1984 by searching for deaths in a population of 67,829 Federal Communications Commission licensees. All amateur radio operators are required to be licensed by the Federal Communications Commission, but only a fraction of these licensees are members of the American Radio Relay League. In the years of overlap of the two studies (1979) (1980) (1981) (1982) (1983) , there were six cases of leukemia ascertained through the American Radio Relay League listings and 33 ascertained through a search of the Federal Communications Commission files.
As expected, the overall mortality of amateur radio operators is quite favorable when compared with that of all US males. However, this large population-based study indicates that amateur radio operator licensees in Washington State and California have significant excess mortality due to acute myeloid leukemia, multiple myeloma, and perhaps certain types of malignant lymphoma. Avocational and/or occupational exposures to electric and magnetic fields should be among the possible etiologies considered in explaining this excess mortality.
